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Summary

A group oi nuclear submariners was studied to examine whether an 18-h routine imposed by a

watch-standing schedjlr of 6-h on, 12-h off diring a prolonged submerged patrol affected the 24-h

circadian rhythm in oral temperature. Thayer's aotivation. Mood 'Activity' and Food "Happiness."

The submariners were observed during three sections of the pairol Pase 1, the beginning 8-day

period. Phase 2. the middle of the voyage. and Phase 4. the lst 7-4 day period of the TA-wenk

voyage The group-synchronized 24-h rhythm in oral tnmperaarie lisarpeared during Phase 3 The

group-synchronized 14-h rhythms in Thayer's acttvat~on a-a in Mood "Activity' and 'Happiness" dis-

appeared during Phases P and 3. A group-synchronized is-h rhytem waS not produced in hry of the

variables in any Phase of this utudy. encep" '4 durinq PhASe P Periodicity analysis of iricivd- I'
ual's data showed that a loss of 2%-h rhythmicity in oral tooperature was due not only to redu-ed

circadian amplitude but also to a dispersion of TOPS Loss of 24-h rhythm in "Activation."

"Happ neSS. and 'Actvaoty" was predominantly due to a wider dispersion of TOPs The 18-h routine

did appear to exert a small nodulating effect on rhyiMic attinit) in the variables examined in

this study.

Since the sleep-wake:ulness cycle was well entreiney. by the 18-h routine, the submariners en-

perienced a spontaneous internal desynchronization betonro the activity Cycle on the one hand and

the cycles of oral tempera'eri ard psychological stales or the other The performance and health

conseQuences of this chronic dySchronism have yet to be exolored We suggest further research to

determine the usefulness of an index of synchronizatl7n awong the physiological and psychological

vaeriables, and the relations!ip of the desynChoniZinh effects To performance
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This study attempts to determine whether an artlficially crested short day of 18-h length dis-

ruets the circadian rhythms of oral temperature and SActtoalnoo.. "Activity." sod "iapninrs" as

deterrined by a brief sdlective checklist. The artificial 1n-h day results from the jhqie 6-h on.

12-h off watch-keeping system employed on U.S. %ivy nuclear sub" rirms

S.tboariners in the U.S nuclear fleet art "shift-workers" who live under the strong artificial

zeitgeber of sn 1I-h watch schedule for up to ten weeks during continuously submerged voyages Pre-

viously Schaefer, Kerr, Buss and Hauo .a, d Naus (petorda Iomunntcatlien) have shown that the clr-

cadtan rhythms of body temperature, pulse ratn, and respiration ratc of subnarinnrs were disrupted

by siving under 6-h on, 12-h off watched schedules (an 18-h day) Colquhoun. Paine. and 1`rt
5

"
6

r~ort��T0- the circrdion rhlthm o' hode t.mn... urcw• n 0 Orilh submarners who t..d 4- -oth.s

tn a rapidly rotating cycle luring a 48-d continuously subwetned patrol They observed that the

amplitude of the circadian rhythm of body temnersture declined, and only one of eight submariners

examined in their study maintained a strong circadian rKyth.

Our study was concerned wtth a small population of unique shift-workers Although the shift

outine studied is unique to the submarine service, these data should provide new information about

the effects ot eitremely short "days" on the circadian rhythms of oral temperature and psychologi-

cal stotes when men work under unbroken, rapidly rotating shift-work schedules for a prolonged tier

Our study intends to follow-op and reexamine the findings of %Shaele- et al ?o by obtaining A

new set of data from submariners who lived in a comparable environment where two conflicting zelt-

geter n-re operating the 24-h social and oral timing schedule and the 18-h Watch scredu. e

Special attention was paid to an observation by Schaefer, et al - which suggested a possible en-

trainment of physiological functions by the lA-h Watch schedule Entrainment to this schedule is

interesting Ie view of the usually narrow range of entrainment for pfyiological functions I

HATBRIALS AND hMIHOUS

All submariners were adapted to the local time of the submarlne base before the start of

patrol. In the sutmarine, four meals wert provided breakfast, lunch, dinner and a lunch-like

midnight •esl Shipboard life wat paced by the watch-standing schedule, but random events, such

as "all hands" drills and "field days' (housekeeping/clewming), affected the work/rest schedule.

Sujects,. The subjects of this study were fifteen submariners, Including four U S Naval

Academy midshipmen. average of 22,9 ! 4.4 (standwrd deiiation) yoars (range from 20-35) This

group of submariners wai part of the crew taking part in the standard deterrence patrol of a fleet

Ballistic Bissile (t'1) submarine for a ten-week continuous submergence. The average number of

the previous patrols experienced by this group mas 2.1 2.8 Additional details of the subjects

in this study are given in Table 1.
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Table I

Demographic Information about Submariners in This Study

years In Number of
Submarine Previous Sick

Subject Rat-ng Age Service Patrols Calls

I' ET3 21 2 0 2

2. RMC 35 1S 10 2

3- SU 20 I 1 4

4 SK3 23 2 4 4

5 HID'N** 20 0.6 0 0

6. RP2 23 2 3 3

7 MIO'N-* 21 0 5 0 0

SK3 21 1 2 4

ET3 21 0.5 0 0

10 2i3 2 1 2 1

11 ?.0N 0 0.6 0 0

12 MID.N. 20 0.6 0 0

13 SN 21 1 2 0

14 505-1 31 12 6 1

is E13 24 0.5 1 1

Average 22.9 2 2 2.1 1.0

so 4.4 4.a 2.8 I.S

Range 20-35 0.6.15 0.10 0.4

*Participated in all three duta collection periods (Phases)
-U.S.~ Naval Academy KidshipMan

Out of fifteen submariners. only seven (subject nos. 1. 2. 3. 6. 7. 9 and 10) wnre observed is

4ll three Phases (monitoring periods) of this study.

Data Collectioe Protocol. Phase 1,* the first data collection period, started shortly after

departure of the submarine for patrol. It contioued for eight days. corresponding to Toys 4 - 11

0 f the patrol, to catch any early changes in physiological and psychological states due to living

uder the IN-h watch schedule. Phase 2. the second data collection period. started on the 34th day

of the patrol, and it lasted for 7 or 8 days. covering days 34 - 41 (or 42) of the patrol. Phase 3

the third data collection Deriod. was a period near the end of the patrol.* days 60 - £2 line days

of post-patrol data nere obtained fro. a separate group of submariners a eonth after the end of the

patrol.
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For each day of all Phases. oral tenperature (Celsius). and nood-..Jectiae ch-Cklist estimiate$

of *Activation. Activity. and "Happiness* (to be described later) were obtained every three

hours when the men were awake. Data collections were scheduled at 0100. 0400. 0700. 1000. 1300.

1500, 1900 and 2200. Urine samples were taken for assay$ of urinary ¢atecholamines. but we did

not analyze these data.

Personal Activity 10.o. To examine work-rest patterns, activation, and roods, subjects filled

out the 'Personal Activity Log' developed at the Naval Submarine Medical Research Center by Beare

et l .4 (Figure 1).

?Rir i artikity icord snwiv cl
PalTi/•n when fillad wown

o0W 0 TSSD isO 1 l2 OO 24100

Add. yI

we.... n a l0*, ' 11I , I naSi

nl wth aln t16 row mw n no -tuw t n o no O tlxIueo av p rt

"Wlooe !.W v no ftwady nV n 0l ,.?
lightrt-la

mn -wtd do you fwlO n n v n niwona n n 0 no at pa kt .h -wIn.,

wall o n no lilly vn P no eat wý. • p•nsw

- t l o h w 7 M n o 0 .w ,A I i tn o , . , S n o n n o t
rwotanolo o no pleawaei non 0 no __klin 00ogy dlin nonm

l you fla that couw • lionv noVt7 nOo at wn".
ha.- -al :oe." v~oe n 7 non ..nlWtl no n P o q~i, .1-4 doa beii to

nna ___ Ca no n• no , no ooow in00tst In •ewivn ke..

hOf tias that you o, no no ? ta n v • -- Sl n,0 wt-y. Pftef to ba
up awi tch niaOt. - v n no iwwuntf o w e no myn donliii I.hnn sleep

iv, II • :.lny ali•stegvola tv in

(text. emn tM an owne ail.nvs pa." fwr tela w , 1.0 no.1w na danin,, th1s P0-nou -Jll

Figure I

Each Page of the log kook Contains three parts. Part I Is a 24-h activity record. consisting

of eight rows on the top Of the page. Submariners indicated what they had been doing by drawing a

line in one of the appropriate rows: standing watch, performing additional duty, studying, etc

Part II is a set of five questions about sleeo quality and feeling upon awakening Part Ill used

the Stanford Sleepiness Scale.
1 0  

A description of the quantity and regularity of sleep is reported

elsewhere.
4  

The middle of the lo9 is A list of fifteen adjectives taken fron the work of Rylian.

Biersner and La Rocco
1 9

. and Thayer26 to measure moods. Hood 'Happiness- (Ha) was measureo by the

subject's description of his present feelings by choosing one et the four response categories for

each of seven adjectlves: contented. calm.fg ,teay. t ,EP 1 satisfied, good, and pleased wood



'Activity" (NA) was similarly ueasured by six adjectives lively, active, energetic. cheerful,

vlgorous, and alert. Thayer's26 Activation scale (TA) was used to Measure subjective feelings-

of-being-active he six adjectives I Is-l.y. acta.e, energetit ,goLrous. activated. -ad yapUj

The MA and TA scales share four advective-• and thus are highly correlated

Subjects were instructed to cvmplete the activity record, Stanford Sleepiness Scale (SSS). and t
the mood scale before retiring to a sleep period Upon awakening. they coupleted the sleep qual-

Ity questions and the mood scale. Two additional sleep quality questions sets, and four additional

sets of the uood scale are printed On the back of each Personal Actlvilty Log page for use in the

(usual) event that vor. thun one slees period was taken in y4-h

Lnj st. In analyzing the sleep-wakefulness cycle, an inter-sleep interval or an inter-wake

interval can be used The inte--sleep isterval is the tine elapsed between one sleep onset to the

onset of the next sleep period. The inter-wake interval is similarly defined Variability in the

inter-sleep intervals can be used to express stability, or the relative strength. or periodicity

in sleep-eakefulness data the smaller the variability. the stronger will be tee rhythmicity

Analysis based oe the inter-sleep inte-val cannot specifically reveal the strength of -any

rhythm components in data. Thus, a difterent analysis was used in this paper. fach 3A-ninute

epoch of the 24-h day was categorized. on the basis of entrnes in the Parsonel Activity Log, as

e
5
.her awake or asleep. Awake epochs were coded by one's. and sleep epochs by zero's Then., an

autocorrelation function 'as determined for this string of I s and zero'se -aing 33 of the dat.

lvngtn as the maximal lag. The autocorrelation function used mas a cosine wave which enhanced

the periodicity in the original slvep-wakefulness data.

In order to numericcily extract periods and strengths of the vhythn, a non-orthvgonal "cosine

transform' was applied to the autocorrelation function To complete a "cosine transforM," forty-

five cosine waves. whose periods were pre-selected to jary fro- 360 Min 16-h) to 1680 lin (28-h)

in incremental steps of 30 min, were generated by a computer Then a Pearson produ-t-noment cur-

relativo (r) was calculated between the autvcorrelatlon function and each of these cosine waves

Each of the correlation coeffiicents was squared (r2) to express the percentage of variance in

the autocorrelation function accounted for by the cosine wave of a given period This r
2 

value

indicates the Strength of the rhythm in the sleep-wakefulness data at the period of the cose

wave used hv Mixa•nal ri possible Is 1.00. while an r2 approaching Zero indicates little or no

rhythn

Cosine waves of pre-selected periods were directly fitted to the individual's data for each of

three Phases to determine the period and strength of rhythms in oral temperature and subjective

feelinqs of each man. The data were scanned to determine whether they exhibited rhythnic activity

at twenty pre-selected periods. A-h/c. 12-h/C. 16- to 28-h/c in one-hour intervals, and 32- and

48-h/c in four-hour intervals. The fit of each cosine wave yields aenlitude, acrvphas. angle or

'ime-of-Peak (TOP). and r2, Again, the value r? expresses the percent of the variance ,n the data

which can be accounted for by the cosine wave fitted The nathe"utical basis of fitting cosine

waves to the data has been discussed by Halberg, Tong, and Johnson8, and Nelwyn. Tong. lee. and

Halbeg
t 7

I
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Colquhoun et al.5 observed that the method of fitting a sirgle cosine wave bicanp progressavela

less appropriate for British submariners who lived in the comnunity O' the subnarine, cut off from

natural 24-h Zeitgeters. They reported that the use of two Cosine aowos, one aIth a pe1.yriod

any another with a 12-h period, 'eproved the representation of circadian a-f.-torn in both ter-

perature, especially the estimation of TOP. A sinilar bisinusoidal (las-nave) analysis was pro-
posed by Naltoh. Lubin and Colquhoun

16  
In the present study. tao cosine I ay-. eat, naving a die-

ferent period, were fitted to the data. Unlike tie "combined curve' of Colquhour et al.5. ho-weae,

we fitted all possible combisations of the twenty preselected per'ods. Altolt'h-r 190 bisinus-

Oisal waves were fitted to data obtained at each Phase for each submariner The best ,ittsnq too-

buned curve was defined as that whach achieved the largest r
2 
value The prograi for fitting the

cosine waoes was wiritten in Fortran IV, and eiecuted by as ltC 3lt compyuter[

So far. we have described the analysis of rhythms in indilviduals data to find thI nroup-

synchronized rhythm, the grojp-mean-iosinor method
4

'
0

'
1

17 was used hiIs method su-sarizes and de-

ti-mines an inferential statist.cal value from the amplitudes and acrophase angles of grouted data

In a cosinor plot. when a W4' or gb5 confidence ellipse, defined by a group of the paired ualues

of aaplitude and acrophase angle, dOeS not overlay the pole, it indicates that a slgnificet rhy

thmic component at either the Ill or b level of significanceý or bet'er was found for .he group

The group-eean-cosinor analysia (GbCA) evaluates pairs of amplitude and acrophase angles simult

taneously (as vectors) to determine the statistical signitirance of thi rhythmic c-ohnests It

does not independently evaluate whether the amplitudes were changed foe a siguifiuant majority of

submariners. or whetner the acrophase angles were the only aspect of tie shythi altereJ To evalu-

ate the change in the circaolan amplitude of lhe group. a t-test for correlated means was used

The Rayleigh test for directional data as described by Batsshelet2,3 0as employed to evaluate the

Change 4n a group of areophase angles.

RESULTS

Sleep-a•kefulness Cycle During the Patrol. figure 2 shows each day (activity cycle) appearing

below the last. The bars represent periods of wakeful ess (black) and sleep 'white) The

"objective' day is usually defined as one wane period followed by one leep period A temporally

correct redrawing (see. for exarple, Wac2e7, p. 61) was not made for this Figure so that one

"wakemsleep' cycle may have more than one sleep episode. The X-anit of the diagram consists of

four cycles of 24-h to show the shiftins of th- objective day due to the 18-h routine. Ire data

in Figure 2 was taken from submariner No. 14 during Phase 1 00 the patrol HIS Sleep patterns dar-

ing Phase I are given in the insert. He slept an average of 8 03 'ours per 24.h perioo Average

duration of each sleep episode wa, 4 72 hours, ard, on the average, he slept I 71 tires per 2'.h

period Figure 2 shows a pronounced l9mh sleep-wakefulmess rhythm, In spite of the frequent nap'

ping.

Utnless specified otherwise. significarce in the oresent papor refers to at least SI level,

two taIls, )4

4
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During Phase I. eleven of the 15 subjects' logs provided sufficiently detailed data for analy- .

sis of the sleep-wakefulness cycle. The average sleep-wakefulmess cycle during Phase 1 had a 1113

emi (roughly 18.h.h) Period with an r2 of 0.6771 *0.162 S1x of these 1v subjects also exhibited

a secondary rhythmic component. Its average period aas 1616 min (rougcly 25 3-h) with an r, of

- 240 1 C 7091

taring Phase 2. eiqht of the 15 men provided sufficiently detailed log data for analysis of

the sleep-wakefulness cycle, The average period was 1121 min (roughly 18.7-h) with an r2 of 0 666

1 0 285 Four of these eight submarirers also showed a secondary pea, at an average period of

1500 min (25-h) w~th an average r' of 0.271 : -,140.

in Phase 3. seven of the 15 men prodided sleep-wakefulness data. The aeragc .1ic.-wakfUlness
cycle had a period of 1144 win (roughly 15.1-h) with an r

2 
of 0.733 1 0.109. Orly two of these

men had a secondary peak one at 1605 min/cycle (26.75-h) and another at an extremely short cycle

of 630 Sin (10.5-h).

Ouring the post-patrol phase, a return to normal habitual patterns of sleep-wakefulness was

observed. Only six of the original 15 subjects returned Personal Activity Logs which allowed cal-

cu!ation of the sleep.-wakefulness cycle. Five of these sin showed the enpected pattern an aver-

age period of 1446 min (roughly 24.1-h) with an average r2 of 0 926 . 0.075 That is. 93- or the

variance in their 0leep-iahafulness cycle could be accounted for b) the 24.1 rhythm One wan

)a 'idshipwan) did. hooever. show an Iasual sleep-nakefulness cycle a ,laure of 720 OIn (12-h.

r
2  

0.01 and of S:t0o 2in ( .2-h. r.2 * 0.408) periodS.

Or&)_Temperature: Figure 3 shows chronograms of oral temperature from subject No. 1 on the

left-hand side, and pleyograws of the same information on the right-hand side The chronograms

display oral temperature readings over time of day for up to 8 consecutive days during Phases I.

2. and 3. The plexograms display the same data collapsed into a single 24-h period. Ignoring

85



the day of data collection. The plexograms were developed on the basis of Buys-Ballot tables

(Enright 7;Orth. Besser, King. and Nicholson ).

PHASE I ORAL TEIMPERATURE

36.0 38.8-

Y7. tý_3~7.S

36.11 36.6

too$ 8488 0888 1288 to8 .088 epee

2 ORAL TEMPERATURE

3 37. S_...

3T *378

36. @_\i 36.8

*** 1-.... .*. *....* . * -............. .. ...... 888 888 88.18 10 88

PHASE 3 ORA~L TEMPERATURE .8

36. 36.

36.68 36.8

3S.,. 11 w m mu mnmi imi mm lllmm ihmmmm 3S. I I I I I I I
l88e 8188 8888 1288 1688 2888 880'0

Figure 3

The plexograms appear to show the typical early morning circadian "dip" in oral temperature during

Phase I only.

Tables 2A and 2B present the basic observation of this study. The top half of Table 2A shows

the amplitudes and TOP'S (the time of day corresponding to the calculated acrophase angle) of the

24-h rhythmic component in oral temperature of fifteen submariners.

A treatment by subjects analysis of variance showed that the 24-h amplitudes of oral tempera-

ture in Phases 1 (0.29*C) and 2 (0.25*C) did not differ significantly (F < 1). The mean oral tem-

perature increased slightly, from 36.89*C in Phase I to 37.030 In Phase 2 (F(l.ll) - 10.92, p

.01). For the seven men participating in all three Phases, the 24-h amplitudes averaged 0.300,

0.220, and 0.190 in the respective periods. This apparent decrease is marginally significant

((F(2,12) -3.05, p <.10). For these men, the mean oral temperature Increased steadily during

the patrol, going from 36.970 to 37.060 to 37.19*C (F(2,12) -10.72, p .01).
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TABLE 2A 24-h rhythm characteristics of submariners during a ten-week long patrol under 18-h watch schedule.

PHASE I Od-1Id) PHASE 2 (34d-42d) PHASE 3 460c-67d)
SUu AMP W To MEAN so ^up TOP MEAN SD AMP TOP MEAN SO

ORAL TEMPERATURE
I" 0.30 2023 37.19 0.66 0.33 1302 37.42 0.54 0.19 01:26 37.58 0.29
2' 0.33 21.45 36.88 0.39 0.02 14:42 36.99 0.42 0.09 09:11 37.09 0.23
3" 0.23 20 25 37.35 0.53 0.26 17.07 37.43 0.38 0.19 04:24 37.49 0.35
4 0.03 0936 36.93 0.58 0.16 1444 37.08 0.45 .. .. .. ..
5 0.52 1925 36.71 0.63 0.23 21.50 36.73 0.62 .. .. .. ..
6" 0.18 1848 36.95 0.51 018 1843 36.89 0.52 0.13 11:23 37.10 0.30
7 0.27 01 55 36.40 0.5% 0.36 20:57 36.90 0.48 .. .. .. ..
86 0.41 2226 36.97 0.50 0.36 1355 36.96 0.40 0.18 05:35 36.91 0.34
9" 0.32 19 45 36.60 0.60 0.30 20.04 36.70 0.46 0.37 22:42 36.97 0.39

10* 0.33 21 29 3684 0.69 007 06 11 37.04 0.36 0.19 19:52 37.17 0.26
11 0.30 1954 36.76 0.54 061 2021 36.90 0.61 .. .. .. ..
12 0.31 21 27 37.15 0.46 0.16 07 04 37.33 0.55 .. .. .. ..
13 .. .. .. .... .. .. .. 0.25 17:52 36.94 0.42
14 .. .. .. .... .. .. .. 0.34 12:06 36.95 0.40
15 .. .. .. .... .. .. .. 0.17 14:01 36.89 0.33

Mean 0.29 36.89 0.25 37.03 0.21 37.11
So 0.12 0.26 0.16 0.25 0.09 0.24

THAYER'S ACTIVATION (TA)
I* 0.17 17 26 1.42 0.37 0.07 0946 1.51 0.37 0.17 20:42 1.43 0.27
2" 0.35 22.09 2.30 1.14 0.14 11:35 2.11 0.60 0.09 06:38 2.25 0.44
3' 0.08 10:00 2.03 0.38 0.10 0542 2.02 0.39 0.19 08:18 2.04 0.25
4 0.17 00.42 1.96 0.46 0.13 15:35 1.74 0.29 .. .. .. ..
5 0.22 01.04 2.31 0.47 0.16 05.42 2.15 0.30 .. .. .. ..
6" 0.10 20.08 2.12 0.68 0.38 18:35 3.11 0.74 0.36 12.02 3.22 0.60
7 0.25 1937 1.76 0.35 0.34 1858 1.82 0.44 .. .. .. ..
8" 0.34 2304 2.01 0.64 0.19 04.40 1.97 0.46 0.27 08:07 2.23 0.57
9" 0.23 1909 2.08 0.57 0.29 18 24 2.20 0.53 0.52 23:46 2.24 0.58

10* 0.10 1816 2.96 0.45 0.18 21:53 2.57 0.47 0.26 21:59 2.79 0.54
11 0.08 18.42 2.04 0.27 0.07 0237 1.93 0.21 "-- -- ..
12 0.06 12:38 2.59 G.71' 0.42 01.53 2.43 0.59 .. .. .. ..
13 .. .. .. .... . . .. .. 0.22 13:18 2.77 0.46
14 .. .. .. .... .. .. .. 0.34 18:42 2.52 0.61
15 .. .. . . ... . . . .. .. 024 12:10 1.91 0.87

Mean 0.18 2.13 0.21 2.13 0.27 2.34
So 0.10 0.39 0.12 0.42 0.12 0.51

TABLE 28 24-h rhythm characteristics of submariners during a ten-week long patrol under 18-h watch schedule.

PHASE I (4d-lid) PHASE 2134d-42d) PHASE 3 160d--67d)
SUi AMP TOP MEAN so AMP TOP MEAN SD AMP TOP MEAN so

MOOD "ACTIVITY'"
1* 0.20 19.06 1.77 0.48 0.11 09:14 1.85 0.49 0.28 20:58 1.75 0.39

2" 0.30 21:43 2.64 0.92 0.07 15:17 2.38 0.58 0.16 05:23 2.52 0.39
3" 0.10 12.22 2.64 0.47 0.17 08:53 2.43 0.33 0.26 08:20 2.56 0.37
4 0.19 00.28 1.86 0.45 0.10 15:53 1.77 0.28 .. .. .. ..
5 0.22 0042 2.46 0.41 0.14 05:42 2.22 0.26 .. .. .. ..
6" 0.11 21 00 2.16 0.65 0.32 18:26 3.19 0.66 0.34 12:15 3.15 0.57
7 0.18 20,16 2.13 0.28 0.22 18:29 2.02 0.34 .. .. .. ..
8* 0.34 22 14 2.16 0.65 0.17 07 9A 2.05 0.48 0.39 08:23 2.35 0.60
9" 0.18 20:18 2.20 0.53 0.31 18:37 2.33 0.50 0.51 00:14 2.33 0.55

10" 0.11 17:16 3.02 0.38 0.31 14:53 2.90 1.12 0.29 21:54 2.77 0.63
11 0.10 21:28 2.33 0.27 0.03 02:38 2.21 1.19 .. .. .. ..
12 0.05 10.45 2.66 0.67 0.52 02.34 2.56 0.60 .. .. .. ..
13 .. .. .. .... .. .. .. 0.17 13:08 2.93 0.43
14 .. .. .. .... .. .. .. 0.19 19:28 2.73 0.51
15 .. .. .. .... .. .. . 0.21 13:17 2.05 0.78

Mean 0.17 2.34 0.21 2.33 0.28 2.51
SD 0.09 C.36 0.14 0.41 0.11 0.42
MOOD "HAPPINESS"

1' 0.14 18.14 1.77 0.33 0.11 08:18 1.88 0.35 0.17 22:22 1.72 0.24
2' 0.24 23:36 2.86 0.46 0.12 16:51 2.35 0.45 0.09 05:14 2.24 0.21
3" 0.09 03:53 2.60 0.44 0.07 08:20 2.60 0.39 0.38 08:12 2.69 0.50
4 0.22 23:44 1.77 0.47 0.01 13:11 1.64 0.25 .. .. .. ..
5 0.07 23:53 2.46 0.30 0.10 20:08 2.14 0.33 .. .. .. ..
6" 0.22 19:16 2.61 0.64 0.31 20:14 3.40 0.64 0.33 13:17 3.23 0.53
7 0.10 20.34 2.56 0.42 0.09 07:29 2.46 0.45 .. .. .. ..
8° 0.28 23:00 2.04 0.54 0.04 07:34 2.18 0.40 0.19 07:23 2.50 0.46
9' 0.18 23.23 2.29 0.58 0.13 21:20 2.50 0.55 0.36 00:54 2.22 0.63

10" 0.07 19:00 2.97 0.29 0.13 02:19 2.67 0.37 0.27 21:11 2.68 0.59
I1 0.08 21:07 2.50 0.26 0.04 06:49 2.38 0.23 .. .. .. ..
12 0.08 09:56 2.56 0.63 0.41 02:53 2.45 0.58 .. .. .. ..
13 .. .. .. ...- -. .. . 0.02 10:25 2.96 0.28
14 .. .. .. .... .. .. .. 0.26 20:44 3.12 0.47
15 .. .. .. ..... .. .. .. 0.02 12:23 2.42 0.71

Mean 0.15 2.42 0.13 2.39 0.21 2.58
So 0.08 0.38 0.12 0.44 0.13 0.46
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To summrarize, the average oral temperature increased slightly (0.22'C) over the course of the

hIL-week patrol,. and the increase in average temperature appears to have been accompanied by a mar-

qirally ý,ignificant dlecrease in tne.aigplitude of the daily variati~n.

One of the nore cr'tical qjestion~s concerns how long a group-synchronized 24-h rhythm in oral

temperature ýurwvevdl in this environment. The group-mean-cosinor analysis (GMCA) answers this ques-

t ionr. A gjr -s~nchronized rhythm means that a majority of the membersofteguphvsmia

iOP*ý, .nd iomparab~le amplitudes. While submerged, the submarine environment lacks many of the

n~atural 24-h .eitgerers. The 2ý4-h~ social and (to a smaller extent) meal-timing cues are present.

nut they are in competition with d very strong zeitgeber provided by the 18-h watch routine.

ke were unable to obtain d baseline observation of oral temperature rhythr- on a 24-h schedule.

'tý is~t, the r,?su.t frorr other studie-. (such as Nai~oh ; Maus. personal communsication; and Naitch, et

ait. tprovide~ a basis for co~mparison. A GMCA was performed on the amplitudes and acrophase angles

of the twelve men participating In Phases I and 2. The results of this analysis are given in Table

3. The analytiS of Phase 3 was based on records from ten subjects.

TABLE 3 Results of Vu 1,-mej'icosinor afnalysis'

PHASE 1 4 l-11,11 PHASE 2 04 d-42141 PHASES Odd .1155

GROUP-SYNCHRONIZED 24-h RHYTHM
013 xei vxie 1 ,C) TOP 20311l9" -2251) TOP, 181'(1214 -214') TOP: Undefined

AM P 0 259(0.144 -0.3791 AMP 0.144110.010 -0.3191 AMP: Undefined
Tnasefs Ac:;iai.j- TOP 21'10630 -23"3) TOP: Undefined TOP:* Undefined

AM P 0 127(0.021 -0 235) AMP.* Undefined AMP: Undefined
Msc TOP 213341737 -23"2) TOP: Undefined TOP: Undefined

AMP 0.1310(0031 - .021-5 AMP. Undefined AMP, Undefined
U.3J ff,ý'l TOP. 22160833 -239) TOP. Undefined TOP; Undefined

AMP 0,108(0.023 -0 195) AMP; Undefined AMP: Undefined
GROUP-SYNCHRONIZED 18-h RHYTHM
[~jl temperature TOP Undefined TOP. Undefined TOP: Undefined

AMP Undefined AMP Undefined AMP: Undefined
Ttilitt's Activat:,;s TOP. Undefined TOP. Undefined TOP: Undefined

AMP Undefined AMP: Undefined AMP: Undefined
hlojd -Actsw:v TOP. undefined TOP. Undefined TOP: Undaffined

AMP Undefined AMP: Undefined AMP: U-.defirned
mu Hpin-TOP, Undefined TOP: 23'(19*-04"4) TOP: Jndefined

AMP Undefined AMP: 0.076(0.013- 0.146) AMP: Undefined

A uowe of e sumahonim Sir, ftd et U. aa Fftm P Iu Simid2. Ten isubwinan provi"s fth data for Phas 3.
TOP - rowlSI-ahs, AWP Aawus~is.' f rht~imm
`M Cge~kdows ku.d

A group-synchroniz ed rhythm of oral temperature was found to persist among the submariners during

Phases I and 2. It was lost, however, during Phase 3.

.he average 24-h oral temperature amplitude for the twelve men during Phase I was 0.26*C

(,ý.47F) Natoh15observed that a group of 23 young Navy recruits showed a 24-h oral temperature

amplitude of 0.50'F during a baseline period, which is directly comparable to the submariners' data .

Mlaus, however, found the 24-h oral temperature amplitude was 0.79*F in a group of seven submariners

studied during the outfitting period by Schaefer et al. This is considerably larger than the am-

pl itude ex'hibi ted by our subjects during Phase 1 . It is,* thus, uncertain whether the 24-h oral

temperature amplitude had cf~anged during Phase 1.



During Phase I, the average TOP determined for the 24-h oral temperature rhythm for twelve

men in this study was 2058, with a 95t confidence interval of 1931 to 2253 (see Table 3). The

average TOP found by Naitoh
1 5 

was 1722. Haus found that the average TOP of his sample of seven

submariners during the baseline period was 1804. A group of 73 young Royal Navy ratings was re-

ported to have the average TOP at 17i? (see Naitoh. et a].
1 6

). Thus, the average TOP of the sub-

mariners seems to have been delayed from 3 to 4 hours.

During Phase ., a consi.derable weakening of the group-synchron'ized oral temperature rhythm was

found. The average TOP was at 1816, well within the 95'. confidence time boundaries for the above-

mentioned reference groups. But the 24-h oral temperature amplitude was reduced to almost one-

half of the amplitude seen in Phase 1, and the width of the 95t confidence interval was 9.5-h,

three times that of Phase 1.

The GHCA of the seven men who participated in all three Phases of this study is depicted in

Figure 4. Figure 4 shows three plexograms (the left-hand side) and a cosinor plot (the right-

hand side, top) for this group of seven men. As shown by the cosinor plot, Phase I data exhibited

a group-synchronized 24-h rhythm in oral temperature. The confidence ellipse for the Phase 1 data

is identified by I in this figure. The average TOP was at 207 with a 95% confidence interval of

1843 to 2218. The plexogram for Phase 2 shows a dip around 0400, suggesting a normal circadian

rhythm. But the GMCA failed to show a significant group-synchronized rhythm (ellipse 2). During

Phase 3, no group-synchronized 24-h rhythm for oral tpmperature was found.

•.a•0000 2 4h

S-l . . _..' -I_. "
C-1

anal 34e1 1881 1211 161l 2301 0000 O - C
38.3. ________________

PHASE 2 ORAL TEMPERATURE

37. a " L

36.S 200
36.3I

3 233 3488 3833 1233 1633 2333 3233
39.1 PHASE 3 ORAL TEMPERATURE

37.S

37. 1- -- -
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Fi gure 4
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the cos.inor analysis is a global statistical evaluation of the vectors defned by acplitudes and

associated acroohase angles. Herce. it doe, rot test whether the circadian amplitudes changed

independent of the changes of acrophase angles, or vice versa. The t-test was used to test whether

the Z4-h oral temperature amplitude Changed %ignificantly fro. one phase to another. To test

whether the TOPs changed fro, one phase to another. Payleigh's I statistic l5atsci.elet
2

,3) was

used A significant uyieigh z sug5ests a clustering oC TOPs for the group of subjects. The

Rayleigh's . was 6.38 for Phase 1. significant at Sh or better. for Phase 2, z was 2 '5 (not sig-

nificant), and z was non-significant at 0.67 for Phase 3.

Thus, for these seven wen. lnss of tne group-synchronized 20-h oral tenperatare rhythm dring

Phase 3 was due to both an overall reduction in amplitude and a dispersion ot TOPs. For Phase 2.

where the groua-synchronized 24-h rhythm disappeared for these men. its loss was more due to dis-

persion of TO~s; that is. the peak oral temperature value of one man occorred at a time far Jif-

ferent from that of another.

As noted earlier, there was nc doubt that the sleep-wakefulness cycle had been entrained b)

the 18-h watch-standing schedule. However, the group-mean-cosinor analysis revealed no 18-h ehy-

the in ori temperature during any of the three phases of this study (see Table 3 and figure 4.

tie right-hand side, bottom).

the group-mewn-cosinor analysis evaluates whether the group has a common. sypnhronized rhy-

thm. •here everyone in the group peaks at a similar local time. It will not indicate whether

individuals in the group developed significant -hythws that are not in synchrony with e.ch other.

Therefore. the previous question was rephrased Did the 18-h routine produce an 18-h oral tea-

perature rhythm in indinidualsn To answer this guestilo. two approaches were taken. First, the

period of the strongest single rhythmic component in each man's oral temperature was determined

:f the 18-h activity cycle is a dom.nantZeitgeber for oral tenperature. we would enpect an 18-h

rhythmic Component to be the strongest. Second. if the 18-h ýday' exercised some influence over

oral temperatare. not as the determining factor but perhaps as a significant modulating factor,

then an 1S-h rhyth- should be selected as one of the two conponents in the bisinusoidal analysis 16.

The results of the search for the strongest single rhythmic component for each of the seven

submariners are giver in Table 4.
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TABLE4 Peood length oihc -coduced the best I: lOne-wave analysis oi

ORAL TEMPERATURE
S Il8R-c 025 24,u, 021 244.., 02

24 0s n 2' 04hVc 023, 44/,ý 023
3 1//t 0l? 2412,022 26 c 031
6 3/Cct 0 15 181/ 0 09 20,', 0032
8 24/, 0 31 24,/€ 0 43 3G c 027
9 2•5I 7 *a1 26r9, 22 24 z 0 43

1O 32 h/ 0 16 16ck 0 t4 251/c 025
V%-, 25h/c 021 -?2 -022 281JC 026
s0 69 009 38 OIl , 4 007
I'/1e24 n/) 044 /NSI -I 39 1S/ 13510NS)

I,/t 18 lc 2274/p D0O31 24 /NO , 
3

S27p P-
0

0
2
)

THAYER'S 'ACTIVATION'
1 2"8 I0,0 22 26'4,O 18 24 nie 0 16
2 23-5/, 0 1 41/c350 20) 32V9,0 27
3 361/,c 0.19 12V, 0 12 22'z. 236
6 21 ,c 025 16"/ 0 20 26!/ 029

/ 089C/ 0 19/ 10I6L012 2.,2c 026
9 2786018 2 o05 252,0, D0

10 19 n 0 26 12 /1 014 23 A,0 14
Wan 2516 0 23 7"/6 016 25 1028
so 66 004 62 004 39 013
!'%,e 1-h/c0 050IN S) -243/NO, 042N S)
tI( rt r/, 239ON S 1 -0/NO) 

4 
83 /p 00

Co-nen, Cae No 8 Ca-e No 2

iial'wn~E wawinv W e'1 2405 a. tintS.. 5% mnwil

The strongest component is defined by the largest During Phase I, the period of the

z strongest or best-fit rhythmic coroonent in oral tepereture acerajed 25-h with an r2 of 0 21

This period was significantly different from 18-h. but not iron 74-h Two men (a1 and 03) did.

however. cxhibit the strongest ehyvhwtc ciLOpone-t At tO-s/cycle and 17-hlcycle During Phase 2.

the period Cf the strongest component at 18-s/cycle and 17-h/cycle During Phase 2, the pertc.d of

the strongest component averaged 22-h. whuch was not significantly different fron either the 20-h

or the I1-h cycle Again, two men (06 and .10) had the strongest rhythn at 18-h/cycle and I"-h/

cycle. During Phase 3. the period length was significantly different from i8-h. but not iron

20-h In this Phase. nuve of tne seven sub.ariners showed the stronget rhytho near 15-h/cycl.n

It appears that the IS-h watch-standing schedule did cot signeficently alter the bsic cerrod of

the oral temperature rhythm. although the small r
2 

of 0.21 sAgqests considerable Irregularity in

the waveferw

Table 5 shows the results of the search for a "modulatinq" effect o' 18-h watch-standinq

schedule on oral temperature.



TABLE B Two pereods wh:h produced the best ft i(Tsowave anaivi.$ ot

ORAL TEMPERATURE
1 18,117035 28/24029 24/1203
2 36125057 (48)120035 32/2036
3 (48144025 23/16040 25/10C48
6 36/25025 181"/1 023 20/1t"05
8 2416041 32/24062 36132054

9 25/t8603 25t2 038 25/t2 053
32;24 026 20/16032 25/21 041

2 034 03? 046

zO 012 012 O0N

IHAYERS "A T . . ION"W
1 - '21040 /40/22041 32/24033
"2 2/04) 039 44/18040 32/20056
3 361190.49 48)/144 030 23/(8)054

6 211(8)042 23116031 36/20038

9 28/27031 40/24023 25/1S063
10 35/19037 32112029 40117030

-ceu 039 032 045

SO 00 006 013

me. -wooa miuma.s/e."i tyo of4RkbO - melm W ivowv "Kteo e

In Phase I. four grojps of sinusoidal caves were selected- group one had the period length

near to 18-h (chosen four times); group too had its period length near to 24-h (chosen five tines).

group three had its period near to 36-h (chosen three tines), and group four had its period near to

48-h (twice). The 36-h period represents the second harnonic of a 7Z-h or 3-d period, which is the

basic cycle in the 18-h watch-StanGing schedule That is. regardless of the local tine that a van

started his first six-howe catch, he will stand watch at the same local time after he cospletes 4

outcnes (6-h watch '. 12 hours off x 4 - 72 hours • 3 days).

In Phase 2. two groups of sinusoidal waves were most prominent. Group one had a period lenqth

close to 18-h (chosen five tines), while group two had a period le.,gth of approoiately 24-h

(chosen five times),

In Phase 3, four groups of sinusoidal waves were a9 in selected groop one had a period length

of near 18-I (chosen three times), group two had a period length of near 24-h (chosen sti times).

group three had a period length of close to 34-h (cnosen three times), and group foýr had a period

length of 12-h (twice!. Thirteen of the 42 waveforms given in Table 0 fall tn the 23-25-hour range

Eighteen of the remaining 29 seem to be more or less randomly distributed over the range frvin 8- .

hit to 21-h/c. Over the three phases the r2 averaged a modest 39. These data show disintegra-

tion of the nsreal 24-h periodicity in oral. temperatire. but the superieposition of cycles with a

near 18-h period is tot conspicuous. Living on the subearine appears to disrupt the circadian

rhythm of oral temperature, but these oata do not provide convincing evidente. in the fPrm of

prominent 18-h corponents, that the 1l-h routine is, by itself, the priwary cause of this dis-

roptlon.

-n
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Thayer's Activatio., Hood "Actlvlty.° Hood -Happiness * Tables 2 A and 2B give the basic

observations of this stady. The lower hilt of Table 2A shows the amplitudes and TOPs of the 24-h

component in the TA scores of fifteen submarlners. Table 2B gives the same information for MA and

"HA.
There was no significant difference between the Phase 1 and Phase 2 data of the twoele men

participating in both Phases In terms of a 24-h TA rhythm amplitude. Similarly, no sgqiticant

differences were found between Phase I and Phose 2 in terms of MA and KH.

For the seven den in all three phases, there was no significant Change in 24-h amplitede from

one Phase to another for TA. MA and MR. There were also no significant changes in the mean vol-

ues of TA, MA and MN. Thus, the 18-h watch routine did not appear to affect the 24-h circadian

amplitude of TA. MA and PH from one part of the patrol to another.

The group-sean-cosinor analysis was performed on the amplitudes and acrophase angles of the

"twelve submlariners in Phase I and Phase 2. The results of this analysis are presented in Table

3. A group-synchronized 24-h rhythm nas found for TA, MA. and MP only during Phase 1. The re.

sults of the GtCA of the seven men in all three phases ore shown in Figure 5

t 00002 24h

1sel l e se 1 2210 ; i 0 *,,a

. .... . . . . .
PHASE 2 TA (HOOD 0SCALE)

3.S0

3.502

2. 11- _L- F-- 1200
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;;. 
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else 1410 sets 0250 16O6 2111 666s

PHASE 3 TA (H0OD SCALE)
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Figure 5
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The ellipses in the cosiwor plot are drawn, to show a got confidence area The tiltAs of MA

and MH showed that Phase I data did not have a group-synchronized 24-h rhythm. This eoaluation is

inconsistent with the results of a similar analysis applied to the larger group af twelve wen. oost

likely due to the Toss of statistical power resclting from use of a smaller sample For these

seven men no group-synchronized 24-h rhythm nat found for TA, PA, or PA during Phases 2 or 3.

"To test nhether the oro ph se a gles changed fro one P hse to .no her. independent of the

changes in amplitudes, Rayleigh's z was calculated for all three nargables in each Phase The

largest zoos 2.71 (pold) for TA in Phase I, bit it did not reflect a significant concentration

of TOPs within a narrow time interval, Thus, loss of the group-sy:chronIzed 24-h rhythms in TA,

MA and 4H during Phase: Z and 3 appears to be due mainly to dispersion of the TOPs.

The GMCAs for an i8-h rhythm in TA, MA, and MH revealed that there was only one group-

synchronized if-h rhythm: 4H4 during Phase 2 (see Table 3).

The results f a search for the strongest rhythmic component in TA for each of the seven men

ore given in the lower half of Table 4. turing Phone 1, the averoge period of the strongest or

best-fit rhythmic component in TA was 25-h. with an r of 0.23 This period was not s gnif'cantly

different from either 24-h or 18-h, but it was clearly closer to 24-h. Only too ren had the

strongest rhythmic component closer to if-h one with a if-h, ard another with a 22-h cycle. fur-

Ing Phase 3. the period of the best-fit rhythmic component -raged 18-h. This period length was

not. however. significantly diffetent from 24-h. Two (different) submariners had the strongest

rhythm at 16-h/cycle. Cou-ing Phase 3 the best-fitting period length averaged 25-t with an r2 of

0.28. This period was significantly different from If-h,. but not from 24-h. hone of the sever

submariners showed the strongest rhythm near 10-h in Phase 3.

Thus. at appears that the 18-h watvh-standing schedule did not exercise a strong influenrce

over the indiniowuls rhythm in TO. Phase 2 dat Lame the closest in showing f8-h/t as a groop

average, but close e saminatlon shows that this If-h unwruge is misleading, because it was affected

by the data from two submariners who had 12-h cycles.

The lower half of Table 5 shows the results of a Search for a modulating effect of the If-h
watch-standing schedule on the Tnaye. Activation scale.

In Phase 1, floe groups of sinusoidal waves could be identified, group one had a period of

8-h (chosen twice). grouop two had periods near 2f-h (chosen four times), group three had periods

near 27-h (chosen four times, group four had a peti d of 36-h (twice), and group five had a period

of 48-h (twice). In Phase 2. three main groups of sinusoidal waves could be identified, group one

had a long period length of 32-h to 48-h (chosen seven tifes), group two had periods near 24-h

-*-•. (chosnn three timos), group three had periods near I6-h (three times). In Phase 3, three groups

of sinusoidal waves could be identified- group one near 180h (six times), group two oear 24-h

* (three times), and group three near 36-h (four times). Thus, the elghteen-hour routine may have

played a modulating role in the TA, especially during Phase 3

Simpson, Lobtan and Halberg
2 5 

anvestigatcd the relative strength of -nature* over 'nurture'

in rhythmic components of urinary data. In their study, the subjects lived and "nurtured" under

a 21-h day for up to 7 weeks duri-g a period of perpetual daylight in the Arctic suooer. Simpson

et &l. anticipnted a progressive adaptation of the subjects to the 21-h day to be reflected by

17•



gradual weakenlng of the 24-h rhythm and the appearance of a 21-h rhythm of proqressively greater

strength. For the purpose of expressing the change In rhytnm. they devised the circadlan amplitude

ratio (CAR). This ratio Is obtained by dividing the amplitude of 24-h rhythm by the amplitude of

the 21.h rhythm A CAR larger than one represents a predominance of "nature's" rhythm, whereas a

Predominance of 'nurture's" rhythm is indicated when the CAP is smaller than one.

In the present study, a CAR was calculated for the oral neMoerature data by dividing 24.h oral

temperature amplitude by the 18h oral temperature amplitude In Phase 1. the average CAR was 1.61

0 g9 (sd). I, Phase 2, the CAR averaged 1.36 + 0.80. In Phase 3. it -as 1 60 + 1.02 These

CARs did not diffe- significantly fron each other.

The CAR was also calculated for TA. Average CARs for Phases 1. 2, and 3 were 1 32: 0 81A 2 03

*1.65. and 1.82 ± 0.08 respectively. Again, these did not differ significantly from each other

DISCUSSION

In our study, sleep and wakefulness was found to show a clea-ly shortened cycle in all three

phcses of the patrol. Its average period was 18.8 h/cycle, and It could account for an average

of about 70% of the total variarce in the sleep-wakefulness data Some of the submariners devel-

oped two rhythmic conponents in the sleep-wakefulness or activcty cycle- one rhythm oscillatirg

near lA-h/cycle and anither near 25-h/cycle, the latter being much crater Fs- a 1ajority 0# the

men, an 18-h watch routine entrained an 1-h 'day.'

The sleep-wckbfulness or activity cycle has been shown to be entrained by a variety of strong

zeitgebers. Five reports1 Z13,
1 4

,
2 5

'
2 7 

recently summarized by Aschoff1 show that the activlty

cycles of human subjects may be entrained from periods of 20-h/c to 30 h/c under the influence of

strong environmental and social zeitgebers. Our findings expand the lower boundary of tee range of

entrainment of the activity cycle from 20-h/c down to g-n/c. Some submariners also showed small

but significant peak activity rhythms near the 25-h/cycle. Whether this 25-h cycle represent! a

free-running rhythm could not be determined because the resolution (one hour) used for analysis

was not of required precision. (A 0.1-hour resolution was used by Simpson
25 

and Colquhoun et

a1.5.6l

Rore submariners showed the secondary peak near 25-h/cycle early in the patrol during Phase

I six out of eleven men exhibited such a peak As the patrol progressed In time and the men worked

continuously under the 18-h watch-heeping system, fewer showed the secondary peak near 25-h/cycle

During Phase 2, four out of eight submarluers exhibited the secondary peek. while only two out of

seven showed the secondary 25-h peak during Phase 3. This trend suggests tnot the activity cye

could become progressiveiy menorhytheic at If-h/c an the submariners continue tn line under the 11-h

schedule.

The Impact of an 18-h day on the circadian rhythm of oral temperature was found to be qulte

different from that found for the activity cycle. First, the 18-h day eliminated the group-

synchronized 24-h rhythm in oral temperature by the AOth day of the voyage Schaefer et al.20

also observed that the 24-h cycles in physiological functlons, such a, body temperature, pulse

rate. respiration rate. and blood p~etsare. were disrupted among submariners by working unde- an

18-h citch.standlng schedule. In an unpublished analysis of data collected from seven of the men

L '•m 18
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studied by Schaefer et aI., Haus (personal communication) found that the clear circadian rhythn

observed during the owtfitting baseline period had disappeared in the early period (days 7-17)

under the l8-h routine. Faus observed, however. that some submariners regained a 24-h rhythr in

body temperature by days 4-41. In the present study, a recovery of tie group-synchronized 74-h

rhythm in oral temperature was not observed. Colquhoun et at S,6 reported on eight sonar ratings

wOrki ng _-h wautcheS in a -apdly rotating cycle, and found a similar effect on the oral temperature

cycle Only one of Co'qghoan's suhjects did not show a change in the 24-h body temperature rhythn

Two of his subjects experienced the disintegration of the normal 24-h rhythm into shorter periods

of 4-h and 8-h.

In a series of papers, Simpson et a. 21,22,23,24.25 ebirmned the effects of a 21-h day on

suoject$ spending their summer in Spitzbergen tat latitude 780N) or on teaon Island, No-thwest

Territory. Canada (latitude 75S't). The subtects. eight Ic, the SpitZbergen study and five in the

Devon tsland study, slept in trapper's huts or darkened tents in their own community under perpet-

ual daylight. A detailed frequency analysis was performed on a variety of urinary variables and

two performance measures. In these studies. life or, a 21-h routine did not disrupt the 24-h

rhythm in the manner observed for an 18-h routine, but produced a rhythm of 71-h/c. and another

rhythm of PtP2-h/c. Thus the effect of a Pt-h day on the maintenarce of a 74-h rhythm app.ears to

be much less Severe than that expected from an 18-h day

In the present study, a decreased circadian amplitude was observed in oral temperature as the

patrol continued. This result confirms the Schaefer et at20 report of the decrease in oral tem-

perature amplitude in five submariners. Colquhoun. et at.16 also found a progressive flattening

in the mean amplitude of the body temperature rhythm. Additionaltly, Colquoun. et al noticed an

increase in the average oral tenperature of their subjects during the patrol. The present tudy

also confirms this second observation,

Life on an 18-h routine also eliminated the qroup-synchronized 24-h rhythm in levet of

"activation,' an well as 24-h rhythms in Mood 'Activity' ard Coed '"appiness

Since the amplitudes of these psychological variables did not appear to decrease, loss of

thy group synchronized 24-h rhythm was caused mainly by a wide scatter of TOPs Analysis con-

firmed that the once tigh'ty concentrated TOPs scattered so that the peak value of a mood measure

of one irdlovdual occurred at a time widely separated from the time the peak value was observed

for another. A similar dispersion of TOPs occurred for oral temperature. This contributed, tlong

with the reduced amplitudes. to the loss of the group-synchronized 24-h rhythm in oral temperature

The 18-h living rootine in this study exerted a strong influence on the P4-h rhythms examined

it altered the P4-h rhythm of the activity cycle and ertrained it to an 18-h rhythm The 18-h

routine also altered the 24-h rhythms in oral temperature, level of "activation.' and two mood

scales, but failed to produce a group-synchronized 18-h rhythm in oral temperature in any of the

three phases. The group-mean-cosinor analysis showed also that the group-synchronized 18-h rhy-

thm did not develop over the period of prolonged submergence i TIA. 114,or CH, except MR during

Phase 2 The finding of a significant la-h rhythm far MC during Phase o nay well have teen a

chance event, since 24 Motelling's T 2s (the cosinor analysis) were calculated and evalunted at

the ýt level
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Haus (personal CommunicAtion) reported that the 10-h routine Induced a group-synchronized

18-h rhythm in the submariners studied by Schaefer, et al. During the outfitting and up to 24 days

of the underwater patrol. there was no significant 18-h cycle in the body temperature of Schaefer's

subjects However, a significant 18-h component in body temperature was detected during the period

from 20 to 41 days.

The failure of the 18-h routine to entrain a simple 18-h rhythm does not mean that the 18-h

day had no influence over Individual submariner's oral temperature and psychological states A

detailed ndividualied nsed d to oral temperature aid TA data obtained from the

group of seven submariners. Rsults shooed that the 10-h routine did Lot influence Individuals'

rhythms to the extent that the 18-h component was usually the strongest one present In some indi-

o lduals.- tre 18-h rhyth 4mas the strongest, but these men mere not a majority. As a group, the

period of the strongest rhythm was closer to 24-h thin to an 18-h. During Phase 2, TO came the

closest to shooing a period (18-h) different from 24 hours A close examinatnon of the data re-

pealed, however, that the second harmonic of a 24-h period (12-h) played a port in bringing the

group average to near 18-h/c (see Table 5), Thus., even on individual analyses, the 18-h routine

"did not eotrain physiological and psychological functions to an 18-h rhythm.

The bisanusoidaI (tIo-aove) analysis seemed to offer a small amount of support for the hypo0

thesis that the 1-h rnythm did enert some modulating influence. This analysis revealed addi-

tional rhythms near 36-h/c and 48-h/c. the 36-h period is harmonically related to both the

actioity cycle (18-h) and the basic period of the :atch rotations (72-h) Persistent 24-h rhy-

this ere also detected in some of our subjects. Thus. the submariner, exhibited complex rhythmic

patterns which varied from one indi•idual to another, where the major rhythmic components mere

13-, 24-. and 30-h/c, and the harmoniec and subharnorics of 24-hic (8-, 12-, and 48-h/c). Similar

complexity was observed by Schaefer, et al 20 among submariners In response to the 18-h routine,

and also by Colquhouns, et4.5,6 aeoog s-ujects standing 4-h watchts in a rapid rotation.

A circadian ampi itude ratio was calcalated to see whether there mis a progressive adaptation.

as defined by Simpson, et al.5- in the submariners during the 10-nee subeergence. The results

indicated a general absence of soch adaptation to the TO-h routine Similar lach of adaptation

(perhaps eucepting a rhythm is, wter excretion) was observed by Simpson. mt a. .5 for subjects 1 iv-

ing under a 21-h routine for up to 7 weeks.

Thus, the findings of this study showed that the 18-h routine did not entrain oral tempera-

ture, TA, or two mood scales. Aschoff - in his review of the literature. shooed that body tea-

peratute had a narrower range of entrainment tier the activity cycle and that it tended to free- T-

run ohen a strong zeitgeber own too far away fro% a 24-hour period Kleitmanno had reported

earlier that an artificial 12-h watch-standing schedule would not entrain submarine personnel to

a similar rhythm. Thus, when the dominant zeitgeber wos 20-h/c. body temperature would tend to

free-run at approximately 25-h/c. Whether the submariners in our study did have a free-running

rhythm could not be decided,

Since the sleep-wakefulress cycle mas entrained by the 18-h routine but oral temperature and

psychological state were not, a spontaneous internal desynchronlzation7 naj be an unavoidable

consequence of life under the 18-h watch-standing schedale. Simpson, et al 21,2,25 -eported a
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potential performance degradation of ISt or more during the early phase of life under a 21-h

routine, resembling a "Jet lag' of 3-h. The perforaance tests examined by Simpson and others were

limited to hand-grip strength and eye-hand coordination test. There is au yet no definitive in-

formation about performance and psychological states as they are affected by chronic dyschronisn

die to life under unusual temporal routines.
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